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(54) Recharging dry cell batteries 

(57) A dry cell battery is repeatedly 
recharged soon (one to three days) 
after each discharge by a 
substantially constant current up to 
1.1-1.33 times its nominal voltage. 
The charging current may be 
stabilized by means of a filament 
lamp in series and/or parallel with 
resistors, (Figs. 4, 5), or by a 
regulator having a transistor BG1 in 
series with the battery. Overcharging 
is prevented by a protection device 
in shunt with the battery; this device 
may be a zener diode or a string of 
silicon diodes D1 to D5. Additionally, 
charging current may be 
disconnected in response to battery 
voltage by means of a relay having a 
coil in parallel with the battery and 
contacts in series with the battery, or 
by a ^ener diode BG3 causing 
transistor BG1 to turn off. The 
battery charger may be coupled to an 
appliance powered by the battery 
using connectors held together by 
magnets {Figs. 6, 7). 



FIG.3. 
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Recharging dry cell batteries 

5 This invention relates to a dry cell battery re- 
activator, particularly to a process and device 
for recharging a dry cell battery in order to 
enchance its operating life. 
A dry cell battery is a primary battery. One 
10 kind of dry cell battery is a Zn-Mn battery, 
which has the advantages of easy application, 
reliable performance, low cost and portability. 
However, the major setback of dry cell batter- 
ies is their short operating life, especially 

15 when applied to heavy power-consuming elec- 
trical appliances, such as cassette tape recor- 
ders, such that not only is the voltage re- 
duced, but the internal resistance of the bat- 
tery also increases, and frequent replacement 

20 is required. It has been considered hitherto 
that a dry cell battery could not be recharged. 
It is also noted, in the Electrician Handbook, 
published in Japan, that a primary cell battery 
could not be recharged because this would 

25 lead to risk of destruction of the battery. In 
Japapese patent application NO. 55-500324 
(PCT application) published on June 5, 1980, 
a method and device for recharging a dry cell 
battery was disclosed, wherein the positive 

30 half-cycle of A.C. is used as a charging pulse, 
whilst the negative half-cycle of the same is 
used for a smaller discharging pulse of the dry 
cell battery, with a result that the dry cell 
battery could be recharged as many as fifty 

35 times and could be used in a transistor radio 
or cassette tape recorder. 

However, in view of further improving the 
dry cell battery's recharge performance it is 
the object of the present invention to provide 

40 a process and device that enables consider- 
able improvement of dry cell battery recharga- 
bility, say up to two hundred times or more, 
in order to significantly enhance its operating 
life without effecting its usability. 

45 The process provided in the present inven- 
tion is that charging is carried out by using a 
generally constant D.C. up to an ampere hour 
value basically equal to the ampere-hour capa- 
city of the discharged battery in a compara- 

50 tively short period after the dry cell battery is 
discharged. Charging in good time is important 
and only charging in good time and up to the 
ampere-hour capacity of the discharged bat- 
tery, in order that the chemical reactions in 

55 the dry cell battery during discharge could be 
reversed. 

Otherwise, once the gas and other chemi- 
cals produced during discharge were absorbed 
by other materials in the battery and firmly 

60 combined with them, it would be very difficult 
to discompose or reduce them again through 
charging of electric current. In comparison 
with intermittant recharging, charging with 
D.C. has the advantages of safe and quick 

65 charging with comparatively small current re- 



quired. 

In the present invention, there is also pro- 
vided means to switch off the recharging as 
soon as the dry cell battery reaches a voltage 

70 1.1 to 1.33 times as large as its nominal vol- 
tage value, as at this moment the charge am- 
pere hour is basically equal to the capacity of 
the battery and such switching off would pre- 
vent overcharging the battery that might pro- 

75 duce too much gas and bring about the bat- 
tery s destruction and leakage. A recharged 
battery can be stored for quite a long time, 
such as one year. 
For implementation of the above mentioned 

80 process, the present invention also involves a 
device which includes a rectifier device which 
consists of a supply transformer, rectifier and 
filter, a current stabilizer device connected in 
series between the said rectifier and an output 

85 terminal, and a protection device connected in 
parallel with the output terminal for shunting 
when the dry cell battery is sufficiently 
charged, to maintain a basically constant D.C. 
output for charging the dry cell battery. 

90 A magnetic connector to facilitate use of 
the device for timely recharging is also pro- 
vided in the present invention. It is used to 
connect the charging device with the dry cell 
battery placed in an associated electric appli- 

95 ance. 

The benefit that can be obtained from the 
present invention includes considerable en- 
hancement of the dry cell battery's operating 
life, simple construction of the device, low 
100 cost and easy connection. 

Now the invention will be further described 
by way of example with reference to the ac- 
companying drawings, in which: 

Fig. 1 (i.e. Figs. 1(a), (b) and (c) are graphs 
105 of Zn-Mn batteries' voltages and internal resis- 
tance corresponding to the batteries recharg- 
ing circulation numbers, wherein Fig. 1a is the 
characteristic curve of each time discharging 
with a load of resistance of 5.5ft continuously 
110 for 0.5 hour; Fig. 1b is the characteristic 

curve of each time discharging with a load of 
resistance of 5.5ft continuously for 1 hour; 
Fig. 1c is the characteristic curve of each time 
discharging with a load of resistance of 5.5ft 
1 15 continuously for 2 hours; 

Fig. 2 is a schematic diagram of the device 
provided by the present invention; 

Fig. 3 is a schematic circuit diagram of a 
first embodiment of the present invention; 
120 Fig. 4 is a schematic circuit diagram of a 
second embodiment of the invention; 

Fig. 5 is a schematic circuit diagram of a 
third embodiment of the present invention; 

Fig. 6 is a constructional schematic diagram 
125 of a type of magnetic connector; 

Fig. 7 is a constructional schematic diagram 
of another type of magnetic connector; and 

Fig. 8 is a current-voltage characteristic 
curve of a diode used for shunt protection. 
130 The process of the present invention is to 
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charge a dry cell battery with basically con- 
stant D.C. in a relatively short period after the 
battery is discharged, preferably within three 
days after discharge, better still one day. 
5 Charging polarity is in reverse direction to the 
battery s normal discharge polarity and is 
switched off as soon as the voltage between 
the two terminals of the battery reaches 1.1 
to 1.33 times as large as the nominal value of 
10 the battery voltage, otherwise, overcharging 
may cause leakage. The charging current is 
maintained basically constant in the range of 
50mA to 2000mA. Too low a charging cur- 
rent will take longer charging time, whereas 
15 too high a charging current will tend to over- 
heat and damage the dry cell battery. Battery 
of type A, for instance, is suitable to be 
charged with current at between 1 to 2A. 
Suitable currents for charging batteries of dif- 
20 ferent capacities are as follows:- 0.2-0.5A, 
preferably 300 mA for dry cell battery No.' 1 
(type R20); 0.15/0.25-0.4A, preferably 
200/300/280 mA for dry cell battery No. 2 
(type R14); 0.15-0.3A, preferably 180 mA for 
25 dry cell battery No. 4 (type R10); 0.05-0.2A, 
preferably 75-150 mA for dry cell battery No. 
5 (type R6). It can be seen from the above 
data that batteries of different capacities have 
their respective optimal charging current that 
30 may prevent them from such damage as inter- 
nal shorting, gasification leakage, etc. It is im- 
portant to charge the batteries sufficiently 
without overcharging that may cause damage. 
The general rule is to charge up to a charging 
35 ampere-hour basically equal to that of the dis- 
charge and then switch off. For this purpose, 
a precision overcharge protection is necessary, 
to prevent the voltage increase going beyond 
certain predetermined value, which for differ- 
40 ent batteries should be: 1.7-2V/ section for 
dry cell battery No. 1,; 1.7- 1.0V/ section for 
dry cell battery No. 3 to No. 4; and 1.55- 
1.7V/ section for dry cell battery No. 5. The 
merit resulted from the present process is that 
45 the internal resistance (r) of the battery always 
remains less than 8 times the internal resis- 
tance (r) of the fresh one, even if it has been 
subjected to many times of recharge circula- 
tion. The variation of battery s voltage and 
50 internal resistance in relation to times of re- 
chargable circulation is shown in Fig. 1, which 
is a case taken as an example in Zn-Mn bat- 
tery No.1 (type R20), where the discharge 
load resistance is 5.5Q, equivalent to dis- 
55 charge current of 250-270rnA, while the initial 
internal resistance is 0.5£2. Fig. 1a is the 
curve of each time continuously discharging, 
for 0.5 hour and recharge on the same day 
after discharge. The number of recharging and 
60 discharging cycles can be up to 400 or more 
with internal resistance (r) increasing less than 
a one-fold i.e. from 0.5ft to 1fi, and the load 
voltage of the battery maintained at 1.4V or 
more. Fig. 1b is each time continuously dis- 
65 charging for 1 hour and recharging the same 



day with loaded voltage maintained at 1.2- 
1.3V or more and internal resistance (r) less 
than 0.7-K2, in which the number of recharge- 
discharge cycles is 200 or more. Fig. 1c is 
70 each time continuously discharging for 2 hours 
and recharging on the same day with loaded 
voltage maintained at 1.1V or more and inter- 
nal resistance (r) less than 0.7-1Q, in which 
the number of recharge-discharge cycles is 
75 200 or more. In the case of a basic Zn-Mn 
battery, the results are much better than that 
of an ordinary (non-basic) Zn-Mn battery, i.e. 
the load voltage will be 0.1 -0.2V higher, the 
internal resistance (r) less than 0.812 and the 
80 number of recharge-discharge cycles increases 
much more. In regard to batteries No. 1 and 
No. 2 applied to cassette tape recorders, an 
ordinary Zn-Mn battery can be used continu- 
ously for 1.5-2 hours per day without obvious 
85 change for at least 2-3 months, whereas in 
case of basic Zn-Mn battery, it can be used 
3-5 hours per day for at least 6 months with- 
out obvious change. As for battery No. 5 ap- 
plied to cassette tape recorders, an ordinary 
90 Zn-Mn battery can be used about 1-1.5 hours 
per day for at least one month without obvi- 
ous change, whilst for the basic Zn-Mn bat- 
tery, it can be used 2-4 hours per day for at 
least 1 .5-2 months or more. With a new Zn- 
95 Mn battery used to power a 10 W tape recor- 
der, speed slows down and sound quality de- 
teriorates after 30 minutes. However, after re- 
activation by the process of the present inven- 
tion, the said downgrading appears only after 
100 40 minutes. The battery can be recharged at 
least 40-60 times, by retaining 85% of the 
rated operating hours. In case of a basic Zn- 
Mn battery, the recharge-discharge cycles are 
up to at least 80 times. Two sections of new 
105 Zn-Mn battery No. 1 used to drive a toy car 
can run, the first time, 16 minutes before 
stopping, but after reactivation by the process 
of the present invention, the toy car each time 
can run 25-28 minutes. Retaining 85% of the 
1 10 rated operating hours, the battery can be re- 
charged 20-30 times or more and in case of 
basic Zn-Mn battery, the recharge-discharge 
cycles are up to at least 40-100 times. These 
facts all mean that the batteries are averagely 
115 renovated i.e. their ampere hour increased. 
To implement the process, the present in- 
vention provides a device for applying the pro- 
cess to achieve the above mentioned results. 
Fig. 2 is a schematic block diagram of the 
120 device, wherein rectifier device 1, current sta- 
bilizer device 2 and shunt protection device 3 
are provided. The rectifier device 1 is to rec- 
tify the 220V A.C. main supply into the re- 
quired D.C, which charges the battery 4 that 
125 is connected at output terminals A and B 
through the current stabilizer device. The 
charging current is basically constant and the 
shunt protection device 3 that is in parallel 
with the battery to be charged is connected 
130 between the output terminals A and B. When 
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the voltage between the terminals of the bat- 
tery is low, the current flowing through the 
shunt protection device 3 is very small and 
whenever the battery is sufficiently charged, 
5 i.e. reaching 1.1-1.33 times as large as the 
nominal voltage value, the current flowing 
through the shunt protection device 3 signifi- 
cantly increases, greatly decreasing the current 
flowing into the battery. Thus the shunt pro- 
10 tection is achieved. In addition to shunt pro- 
tection device, interrupting protection device 
can also be incorporated to break the charging 
current when the voltage between the termi- 
nals exceeds the preset value. 
15 Fig. 3 is a schematic circuit diagram of the 
charging device, where battery of 3V is taken 
as an example. The rectifier device consists of 
supply transformer T1, bridge rectifier Br1 and 
filtering capacitor CI. The shunt protection de- 
20 vice consists of multiple crystal diodes in 
series, such as the 5 diodes shown in the 
drawing, and the current stabilizer device con- 
sists of voltage regulator transistor BG1, am- 
plifier transistor BG2 and resistors R1, R2, R3, 
25 etc. The functioning of the current stabilizer 
device is that, when the charging current in- 
creases, the voltage on the resistors R3 and 
R2 increases as well and the voltage applied 
to the base-emitter of the amplifier BG2 is 
30 also increased, thus the collector current pass- 
ing through R1 increases, causing the collector 
voltage of amplifier transistor BG2 i.e. the 
base voltage applied to the regulator transistor 
BG1 to be decreased. Thus the base current 
35 of voltage regulator transistor 1 is decreased, 
so that the collector current of the voltage 
regulator is also decreased, i.e. the charging 
current to the series battery is decreased, and 
thus current stabilization is achieved. On the 
40 contrary, if the charging current decreases, the 
circuit may increase it. By adjusting the poten- 
tiometer R3, the magnitude of the charging 
current can be regulated. The shunt protection 
of the crystal diodes D1-D5 that are con- 
45 nected in parallel with the charged battery de- 
pends for its function on each diode s current- 
voltage characteristic curve (see Fig. 8) and 
when the voltage applied to both terminals of 
the diodes is low, say 0. 55-0.6 V, the current 
50 passing through the crystal diodes will be very 
small, but exceeding that voltage value the 
current will be greatly increased. Appropriate 
selection of type (for instance 1N4001) of the 
crystal diode and the number to be series- 
55 connected will help to greatly increase the 
current passing through the series diodes. 

At the moment the voltage of the battery 
reaches 1.1-1.33 times as large as the nomi- 
nal value, the diodes conduct and thus protec- 
60 tion is achieved. Obviously a zener diode can 
also be applied to the shunt protection device. 
However, since its characteristic curve at the 
rising section is rather steep, it is difficult to 
find an appropriate zener diode with the stable 
65 voltage required. In comparison, a crystal di- 



ode is easier to match and to put into pro- 
duction for the series. Moreover, the number 
to be included and the voltage are adjustable. 
In the circuit, there is a series circuit of zener 
70 diode DG3 and resjstor R10 connected be- 
tween the terminal A and the base of transis- 
tor BG2 for charged current interrupting after 
the battery is sufficiently charged. The func- 
tioning is that, when the voltage of the bat- 
75 tery has not yet reached the preset value, the 
zener diode BG3 is non-conducting, but when 
the voltage of the battery reaches the preset 
value the zener diode DG3 conducts, causing 
the transistor DG2 to be saturated and the 
80 collector current of transistor BG2 to be in- 
creased, whereas its voltage, i.e. the base 
voltage of voltage regulator transistor BG1, is 
greatly decreased and thus the voltage regula- 
tor transistor BG1 is cut off. It is obvious that 
85 a relay (not shown) can also be parallel con- 
nected at the output terminals A and B to 
operate when the battery is charged to the 
preset value and its normally closed contact is 
series connected into the circuit of the charg- 
90 ing current for interrupting the current and 
thus acting as an interrupting protection de- 
vice similar to the series circuit of the above 
mentioned zener diode DG3 and resistor R10. 
In Fig. 4, the rectifier device and the shunt 
95 protection device are similar to those shown 
in Fig. 3 while the current stabilizer device 
consists of series connection of resistor R4 
and small bulb L1. This is the cheapest way 
to make the circuit that can act as current 
100 stabilizer as well. As shown in the diagram, rf 
the battery to be charged is 3V, the rectified 
output voltage of about 20V can be applied, 
which is far higher than the battery s voltage 
and, therefore, the charging current will not 
105 vary too much but will be maintained basically 
constant. Moreover, as the resistance of the 
series connected small bulb (for instance 
6.3V/0.3A) has a positive temperature coeffi- 
cient, so the stabilization of the current is fur- 
110 ther ensured. 

In Fig. 5 the rectifier device and the shunt 
protection device were similar to those in Fig. 
4 but, to meet different charging requirements, 
a two-gang three-position coaxial switch K1, 
115 (KM and K1-2) is incorporated. When the 
switch is set at position "1", the current sta- 
bilizer device becomes a parallel circuit of the 
resistor R7 and small bulb L2, producing a 
large charging current and using the small bulb 
120 L2 to participate in stabilizing the current. 
Thus it is suitable for application to charge a 
battery of relatively large capacity. When the 
switch K1 is set at position 2 , the current 
stabilizer device consists of parallel-connected 
125 resistor R6 and small bulb L2 and a series 
connected resistor R7. Thus the charging cur- 
rent is in a medium range with the small bulb 
L2 participating in stabilizing the current. 
When the switch is set at position "3", the 
130 current stabilizer device is formed by series 
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resistors R5, R6, R7 and now the total value 
of the resistance is at maximum, with the 
charging current rather small and basically 
constant. Thus it is suitable for charging a 
5 battery of relatively small capacity. Switch K2 
can be used to short circuit the crystal diodes 
to meet the number of diodes required for 
charging the battery. 
The small bulb L2 can be applied as a cur- 
10 rent stabilizer element as well as a pilot lamp. 
It is obvious that a D.C. galvanometer (not 
shown in the drawing) can also be included in 
the charging circuit for indication of the magni- 
tude of the charging current. 
15 Figs. 6a and 6b show a kind of handy mag- 
netic connector provided to facilitate recharg- 
ing to be carried easily. The first magnetic 
connector 4 (Fig. 6a) is to be fitted into the 
relative electric appliance adjacent to its bat- 
20 teries. The base plate 5 of the magnetic con- 
nector 4 can be made with insulation material, 
such as plastic, and there are two magnets 6 
and 7 and two electrodes 8 and 9 made of 
metal conductor material on the base plate. 
25 The electrode 9 is in the form of a circle and 
located at the center, whereas the next elec- 
trode 8 is in the form of a ring, separated 
from the former but surrounding it. The elec- 
trodes 8 and 9 contact respectively the posi- 
30 tive and negative poles A and B of the batter- 
ies in the electrical appliance. The polarities of 
the magnets 6 and 7 are opposite. For 
example, if magnet 6 is pole N, then magnet 
7 will be pole S. To enhance the magnetism, 
35 a magnetic permeable soft iron can be at- 
tached on the back of the above said mag- 
nets. The second magnetic connector 10 is 
similar to the first one and on its base plate 
15 there are also two magnets 12 and 14 
40 (66B) which correspond to the magnets 6 and 
7 of the first magnetic connector 4, but the 
polarities are in reverse, whilst electrodes cor- 
responding to the electrodes 8 and 9 used as 
conductor devices are contact leads or springs 
45 11 and 13, which are respectively contactable 
with the above-described charging device 31 
embodying the invention that can be plugged 
into the power supply. To carry out charging, 
the charging device 31 is directly plugged into 
50 the supply socket and the second magnetic 
connector 10 is brought close to the first con- 
nector 1 . Then, they will attract each other 
because their magnets are of opposite polari- 
ties. Thus a closed loop for charging current 
55 is formed for the charging operation. If the 
magnetic field of the magnets is strong 
enough, the attraction could work over a dis- 
tance. Hence, attaching the magnetic connec- 
tor on the appliance each time it has been 
60 switched off will immediately begin a reliable 
charging without delay and the cumbersome 
operation of dismounting the batteries or in- 
- sorting charging plugs can be avoided. In Fig. 
6, the conducting device, i.e. electrodes 8 and 
65 9 of the first magnetic connector can also be 



connected to the charging device 31, and the 
conducting device 11 and 13 of the second 
magnetic connector to the batteries of the ap- 
pliance, either one of the two magnetic con- 
70 nectors 4 and 10 can use magnets while 
another one uses soft iron substitutes, or 
uses a magnet and a soft iron substitute for 
each magnetic connector. The connection of 
two magnetic connector is fulfilled by the at- 
75 traction between the magnet iand the corre- 
sponding soft iron. 

Fig. 7a shows the first magnetic connector 
16 and Fig. 7b shows the second magnetic 
connector 22. The only difference from that 
80 shown in Fig. 6 is that the electrodes 17 and 
20 of the first magnetic connector 16 are lo- 
cated respectively on both sides and the con- 
tact leads or springs 23 and 26 of the second 
magnetic connector 22 are correspondingly lo- 
85 cated on both sides and separated by a cer- 
tain space to prevent a short circuit. By virtue 
of magnetic attraction of different polarities of 
magnets (10, 24; 19, 25), the charging source 
s polarities are protected against wrong con- 
90 nection. References 21 and 27 apply to the 
base plates of the first magnetic connector 16 
and the second magnetic connector 22 re- 
spectively. Obviously, the conducting device 
may also have some variations in regard to 
95 positioning in accordance with the above con- 
cept and without disturbing the correct con- 
nection. 

CLAIMS 

100 1. A process, which is to be used for reac- 
tivating dry cell battery in order to enhance its 
operating life, characterised in that: the re- 
charging is carried out with basically constant 
D.C. up to an ampere-hour generally equal to 

105 the discharge ampere-hour in a comparatively 
short period after the battery is discharged. 

2. A process as claimed in claim 1, charac- 
terised in that the dry cell battery being re- 
charged is charged until its voltage reaches 

110 1.1-1.33 times as large as its nominal value. 

3. A process as claimed in claim 1, charac- 
terised in that the charging current is at a 
basically constant value within the range of 
20-2000 mA. 

115 4. A process as claimed in claim 1, charac- 
terised in that a short period after discharge is 
within three days, preferably one day. 

5. A device, which is used to recharge a 
dry cell battery in order to enhance the bat- 

120 tery's operating life, characterised in that it 
includes a recifier device (1), a current stabil- 
izer (2) fitted between the said rectifier device 
and the output, and a shunt protection device 
(3) parallel connected with the output termi- 

125 nals. 

6. A device as claimed in claim 5, charac- 
terised in that it includes a device to interrupt 
the charging current as soon as the voltage 
value of the battery is charged up to a preset 

130 value. 
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7. A device as claimed in claim 5 or 6, 
characterised in that the current stabilizer de- 
vice includes a resistor in series with a small 
bulb. 

5 8. A device as claimed in claim 5, 6 or 7, 
characterised in that the current stabilizer de- 
vice includes a resistor in parallel with a small 
bulb. 

9. A device as claimed in any one of claims 
10 5 to B, characterised in that the current stabil- 
izer device includes a voltage regulator and an 
amplifier. 

10. A device as claimed in any one of 
claims 5 to 9, characterised in that the said 

15 shunt protection device functions at the mo- 
ment that the battery's voltage is charged to 
1.1-1.33 times its nominal value. 

11. A device as claimed in claim 10, char- 
acterised in that the said shunt protection de- 

20 vice is formed by multiple crystal diodes in 
series. 

12. A device as claimed in claim 10, char- 
acterised in that the said shunt protection de- 
vice is a zener diode. 

25 13. A device as claimed in any one of 
claims 5-12, characterised in that the said de- 
vice is connected with the batteries in an ap- 
pliance by magnetic connectors and at least 
one of the said connectors includes at least 

30 one magnet and two conducting devices. 

14. A device as claimed in claim 13, char- 
acterised in that the two conducting devices 
(17, 20) are respectively located on both 
sides of the magnetic connector. 

35 15. A device as claimed in claim 13, char- 
acterised in that one conducting device (8) lo- 
cates around the next conducting device (9). 
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